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(54) Resin production apparatus and resin production method

(57) A resin production apparatus of the present in-
vention includes: a reactor vessel having a vessel main
body which polymerizes an ingredient to produce a ther-
moplastic synthetic resin which solidifies at room tem-
perature and storing the synthetic resin in the molten
state, an output mechanism disposed at a bottom part of
the vessel main body, which outputs the synthetic resin
in the molten state, and a temperature adjustment mech-

anism which adjusts temperatures of the vessel main
body and the output mechanism so as to maintain the
molten state of the synthetic resin; a cooling mechanism
arranged below the reactor vessel, which continuously
cools and solidifies the synthetic resin output from the
output mechanism; and a crushing mechanism which
crushes the synthetic resin fed out from the cooling mech-
anism.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a resin produc-
tion apparatus and a resin production method, for pro-
ducing a synthetic resin such as an acryl oligomer which
is used in tackifiers for adhesive tapes.

2. Description of Related Art

[0002] When small pieces of a synthetic resin are pro-
duced by polymerizing ingredients, the ingredients are
usually molten and kneaded while being polymerized to
prepare a desirable synthetic resin. The synthetic resin
is then cooled, solidified, and pulverized. For example,
Japanese Unexamined Patent Publication No.
192604/2001 (Tokukai 2001-192604) discloses a meth-
od employing a screw type heating and cooling apparatus
or a heat-type agitation and thermal treatment machine
as a reactor vessel. In this method, ingredients are heat-
ed, molten, and mixed under reduced pressure. Then,
the molten product is mixed and dispersed by using a
melting-mixing-dispersing machine such as a bi-axial ex-
truder. The resulting product is cooled by a cooling belt
or the like, and is coarsely ground, pulverized, and sorted.
Further, in the method disclosed in Tokukaihei 5-112654
and Tokukaihei 5-247225, ingredients are supplied in a
reactor vessel having a rotating arm. The rotating arm
repetitively applies shearing force to the ingredients. This
way, a series of processes from preparation of a synthetic
resin to pulverization of the product into small pieces are
carried out within the reactor vessel. Further, Tokukai
2003-137929 discloses the following method. Namely,
ingredients and a particulate polymerization catalyst are
supplied in a reactor vessel and are polymerized. Then,
the product is placed in a deactivation cleaning tank, and
unreacted ingredients are separated. After that, the prod-
uct is subjected to processes such as drying and sorting
using devices for performing these processes.
[0003] In the above mentioned traditional production
methods, the reactor vessel is cleaned typically by sup-
plying therein a solvent to dissolve and remove residual
synthetic resin in the reactor vessel. However, in produc-
tion of a thermoplastic synthetic resin which solidifies at
room temperature, the synthetic resin remaining after the
synthetic resin is taken out from the reactor vessel solid-
ifies and clogs parts of the reactor vessel. This necessi-
tates removal of residual synthetic resin in the reactor
vessel every time the reaction is carried out. That is, a
solvent needs to be supplied in the reactor vessel to dis-
solve the synthetic resin, before ingredients are supplied
to the reactor vessel. The time required for this cleaning
process undermines the productivity. Further, increases
in the amount of the solvent used and the number of
times the solvent is used cause increases in the cost and

burden. Further, using a large amount of organic solvent
raises the risk that the organic solvent contaminates an
oligomer produced without using a solvent. This leads to
quality deterioration such as an increase in the amount
of VOC (Volatile Organic Compounds).
[0004] The present invention is made in view of the
above problems, and it is an object of the present inven-
tion to provide a resin production apparatus and a resin
production method, which requires a less time and bur-
den for removing solidified synthetic resin remaining in
the reactor vessel.

SUMMARY OF THE INVENTION

[0005] A resin production apparatus of the present in-
vention includes: a reactor vessel having a vessel main
body which polymerizes an ingredient to produce a ther-
moplastic synthetic resin which solidifies at room tem-
perature and storing the synthetic resin in the molten
state, an output mechanism disposed at a bottom part of
the vessel main body, which outputs the synthetic resin
in the molten state, and a temperature adjustment mech-
anism which adjusts temperatures of the vessel main
body and the output mechanism so as to maintain the
molten state of the synthetic resin; and a crushing device
having a cooling mechanism arranged below the reactor
vessel, which continuously cools and solidifies the syn-
thetic resin output from the output mechanism, and a
crushing mechanism which crushes the synthetic resin
fed out from the cooling mechanism.
[0006] In the above structure, an ingredient is polym-
erized to prepare a synthetic resin in the molten state in
the vessel main body of the reactor vessel. Since the
temperature adjustment mechanism adjusts the temper-
atures of the vessel main body and the output mecha-
nism, the synthetic resin prepared is maintained in the
molten state. Therefore, the majority of the synthetic resin
including the part thereof adhered to a wall surface or
the like of the vessel main body drops down due to the
gravity, and output from the output mechanism disposed
at the bottom part of the vessel main body. Then, the
output synthetic resin in the molten state is cooled and
solidified, and then crushed into small pieces, in the
crushing device arranged below the reactor vessel. As
described, the resin production apparatus is capable of
outputting the synthetic resin from the reactor vessel by
utilizing the gravity, while maintain the molten state of
the synthetic resin. The synthetic resin output is then so-
lidified and crushed thereafter in the resin production ap-
paratus. Thus, the volume of residual substance remain-
ing on the inner-wall surface or the like of the reactor
vessel 4 is significantly reduced in the resin production
apparatus. This reduces the time and burden required
for removing solidified synthetic resin remaining in the
reactor vessel.
[0007] The resin production apparatus may be adapt-
ed so that: the output mechanism has an output port
formed on the vessel main body, an output tube extend-
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ing from the output port to the crushing device, and a Y-
valve having a valve element disposed at the output port
which moves forward/back the valve element to open/
close the output port.
[0008] In this structure, the Y-valve enables output of
the synthetic resin by moving forward/back the valve el-
ement to open/close the output port. This is more advan-
tageous than a case of using any other type of valve such
as a ball valve for a synthetic resin output mechanism,
in that the amount of residual synthetic resin in the output
port is reduced while the output port is highly liquid-tightly
closable. This further reduces the time and burden re-
quired for removing solidified synthetic resin remaining
in the reactor vessel.
[0009] The resin production apparatus may be adapt-
ed so that: the output mechanism further includes a feed-
ing pump connected to the output tube, which feeds out
the synthetic resin to the crushing device.
[0010] With the structure, a constant amount of syn-
thetic resin is supplied to the subsequent steps: i.e., to
the cooling mechanism and the crushing device. As a
result, the synthetic resin is always cooled under the
same conditions, and a constant amount of synthetic res-
in is crushed and output. Therefore, the quality is stabi-
lized. Further, in addition to the gravity-attributed down-
ward flow-drive force applied to the synthetic resin in the
vessel main body and the output tube, a downward flow-
drive force attributed to a suction force generated by the
feeding pump is applied. Therefore, outputting of the syn-
thetic resin from the reactor vessel is completed in a short
time. Further, acceleration of the drift velocity of the syn-
thetic resin also contributes to reduction of residual syn-
thetic resin.
[0011] The resin production apparatus may be adapt-
ed so that: the reactor vessel has an inert gas inflow
entrance disposed lower than the top surfaces of the syn-
thetic resin and the ingredient, through which an inert
gas enters the vessel main body; and an inflow entrance
open/close mechanism which moves forward/back the
valve element of an injection valve to open/close the inert
gas inflow entrance.
[0012] With the above structure, the residual synthetic
resin at the inert gas inflow entrance is reduced by having
the injection valve mechanism open/close the inert gas
inflow entrance through which an inert gas is supplied to
the synthetic resin or the ingredient.
[0013] Further, the resin production apparatus may
further include a separating device which delivers ingre-
dient remaining after the polymerization, to the outside
the vessel main body.
[0014] The above structure enables separation of in-
gredient, which remains without being polymerized, from
the synthetic resin. This contributes to quality improve-
ment of the synthetic resin formed into small pieces.
[0015] The resin production apparatus may be adapt-
ed so that: the ingredient is a (meth)acrylic monomer,
the polymerization is bulk polymerization, and the syn-
thetic resin is a (meth)acrylic oligomer.

[0016] The above structure is suitably used for produc-
tion of (meth)acryl oligomer.
[0017] A resin production method of the present inven-
tion, includes the steps of: opening an output port formed
at a bottom part of a reactor vessel and supplying an
ingredient in the reactor vessel(ingredient supplying
step); polymerizing the ingredient to produce a thermo-
plastic synthetic resin which solidifies at room tempera-
ture and storing the resin in the molten state in the reactor
vessel (polymerization step); outputting the synthetic res-
in by opening an output port, while adjusting the temper-
ature to maintain the molten state of the synthetic resin
(outlet step); and crushing the synthetic resin after the
synthetic resin output and free-fallen from the output port
is continuously cooled and solidified (crushing step).
[0018] The above structure utilizes gravity to output
the synthetic resin from the reactor vessel, while main-
taining the molten state of the synthetic resin. The syn-
thetic resin output is then solidified and crushed. Thus,
the volume of residue inside the reactor vessel is signif-
icantly reduced. As the result, the time and burden re-
quired for removing solidified synthetic resin remaining
in the reactor vessel is reduced. Further, a highly pure
resin flakes are efficiently produced without a use of a
solvent.
[0019] With the present invention, the time and burden
required for removing solidified synthetic resin remaining
in the reactor vessel is reduced. The present invention
therefore enables improvement of the productivity and
cutting down of the cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is an explanatory diagram showing an overall
structure of a resin production apparatus.
Fig. 2 is an explanatory diagram showing an overall
structure of a reactor vessel.
Fig. 3A is an explanatory diagram showing an open
state of a lower gas supply mechanism.
Fig. 3B is an explanatory diagram showing a closed
state of a lower gas supply mechanism.
Fig. 4 is a schematic cross sectional view of the lower
gas supply mechanism.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] The following describes with reference to at-
tached drawings a preferable embodiment of the present
invention. (Resin Production System) As shown in Fig.
1, a resin production apparatus 1 of the present embod-
iment includes: a reactor vessel 4, a crushing device 5,
a separating device 6, and a control device 7. The reactor
vessel 4 is arranged so that an ingredient is polymerized
to prepare a thermoplastic synthetic resin which solidifies
at room temperature, the prepared synthetic resin is
stored in the molten state, and this synthetic resin is then
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output from an output port 41a disposed at the bottom
part towards a crushing device 5 provided below, while
the temperature being adjusted to maintain the molten
state of the resin.
[0022]  The wording "molten state" means any state of
material where the material is moveable by the gravity.
Further, "to maintain the molten state" does not mean to
keep a constant viscosity. The expression means that,
regardless of changes in the viscosity of the resin during
the production, the molten state of the resin is maintained.
In short, the expression means to keep the synthetic resin
from being solidified. The crushing device 5 crushes the
synthetic resin, after the synthetic resin output and free-
fallen from the reactor vessel 4 is successively cooled
and solidified. The separating device 6 separates the in-
gredient and while keeping the synthetic resin in the re-
actor vessel 4. These members 4 to 6 are detailed later.
[0023] The resin production apparatus 1 having the
above described structure realizes a resin production
method, including the steps of: opening an output port
41a formed at a bottom part of a reactor vessel 4 and
supplying an ingredient in the reactor vessel 4 (ingredient
supplying step); polymerizing the ingredient to prepare
a thermoplastic synthetic resin which solidifies at room
temperature and storing the resin in the molten state (po-
lymerization step); outputting the synthetic resin by open-
ing an output port 41a, while adjusting the temperature
to maintain the molten state of the synthetic resin (outlet
step); and crushing the synthetic resin after the synthetic
resin output and free-fallen from the output port 41a is
successively cooled and solidified (crushing step).
[0024] The above steps are detailed supposing that an
acryl monomer is used as an ingredient. The acryl mon-
omer which is an ingredient for producing a tackifier is
supplied in the reactor vessel 4 (ingredient supplying
step). Then, the temperature is increased while carrying
out nitrogen substitution by supplying nitrogen gas
through the bottom part of the reactor vessel 4 and ro-
tating a mixing blade. Note that the target temperature
for the nitrogen substitution varies according to the de-
composition temperature of the initiator used; however,
the target temperature is preferably at or 5°C to 10°C
lower than one-hour half life temperature of the initiator
(first nitrogen substitution step).
[0025] A chain transfer agent and an initiator are sup-
plied after approximately one hour from the start of the
nitrogen substitution and after the temperature reaches
the target temperature (polymerization initiating step).
The nitrogen gas is stopped being supplied through the
bottom part of the reactor vessel 4, and is supplied
through a top part of the reactor vessel 4 (second nitrogen
substitution step). The polymerization initiating step may
be carried out after the second nitrogen substitution step.
The internal temperature of the reactor vessel 4 is in-
creased step by step, while preventing an excessive in-
crease of the temperature. This step by step increase in
the temperature is for preventing the temperature from
excessively overshooting the target temperature. Since

the melting temperature of an oligomer varies depending
on the monomer, the target temperature is also variable.
However, in polymerization of an oligomer of CHMA (cy-
clo hexyl methacrylate) for example, a final target tem-
perature (final internal temperature) is preferably about
180°C (polymerization step).
[0026] When the internal temperature of the reactor
vessel 4 reaches the final target temperature and the
reaction is sufficiently close to the end, the reactor vessel
4 is depressurized while the high temperature is main-
tained. This vaporizes and separates unreacted mono-
mers and improves the purity of the acryl oligomer. Note
that the degree of vacuum in the reactor vessel 4 is pref-
erably as low as possible. However, in consideration of
the seal of the reactor vessel 4 and the capacity of the
vacuum pump, the realistic value is approximately 1 to 5
kPa (abs). It is also preferable that the period of depres-
surization be as long as possible. However, the efficiency
of separating the unreacted monomers decreases ac-
cording to the processing time. The realistic processing
time therefore is about one hour to two hours (separation
step). After that, the acryl oligomer in the molten state is
output. The output acryl oligomer is cooled down to room
temperature and solidified, and then crushed (outputting/
crushing step). The resin production method is further
detailed later.
[0027] The resin production apparatus 1 and the resin
production method utilize gravity to output the synthetic
resin from the reactor vessel 4, while maintaining the
molten state of the synthetic resin. The synthetic resin
output is then solidified and then crushed into small piec-
es, powder, or particles. Thus, the volume of residue in-
side the reactor vessel 4 is significantly reduced. As a
result, the time and burden required for removing the
solidified synthetic resin remaining in the reactor vessel
4 are reduced.
[0028] (Ingredient, Synthetic Resin)
The "ingredient" and the "thermoplastic synthetic resin
which solidifies at room temperature" are not particularly
limited. An example of "thermoplastic synthetic resin
which solidifies at room temperature" is a (meth)acrylic
oligomer prepared through a bulk polymerization in which
polymerization is carried out without using a solvent (i.e.
monomer 100%).
[0029] (Meth)acrylic oligomers are suitably used as a
tackifier which improves the adhesiveness of an adhe-
sive agent made of a polymer of an acrylic monomer.
Particularly, in cases of UV adhesive agent where 100%
of monomer is polymerized by using a photoinitiator, the
polymerization is carried out after shaping the monomer
into a sheet-like layer. Therefore, to blend a tackifier, UV
polymerization has to be carried out after the tackifier
mixed in an acrylic monomer serving as the base of the
adhesive agent. For this reason, a tackifier used in a UV
adhesive agent needs to be a tackifier that does not
hinder the UV polymerization. In this regard, there has
been confirmed that acrylic oligomer does not hinder UV
polymerization, while a typical rosin, terpene, phenol, or
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oil based tackifiers or the like does hinder UV polymeri-
zation. A suitable ratio of blending acrylic oligomer, for
improving the adhesiveness of an UV adhesive agent,
is: approximately 5 to 40 parts of acrylic oligomer (mo-
lecular mass: 1000 to 10000 level) for 100 parts of acrylic
adhesive agent.
[0030] An exemplary ingredient of an acrylic oligomer
is a (meth)acrylic acid ester. Examples of the (meth)acryl-
ic acid ester include: a (meth)acrylic acid alkyl ester such
as (meth)acrylic acid methyl, (meth)acrylic acid ethyl,
(meth)acrylic acid propyl, (meth)acrylic acid butyl, (meth)
acrylic acid isobutyl, (meth)acrylic acid pentyl, (meth)
acrylic acid hexyl, (meth)acrylic acid-2-ethyl hexyl,
(meth)acrylic acid octyl, (meth)acrylic acid nonyl, (meth)
acrylic acid decyl, and (meth)acrylic acid dodecyl; and
an ester of an alicyclic alcohol and (meth)acrylic acid
such as cyclo hexyl (meth)acrylate, (meth)acrylic acid
isobornyl; and (meth)acrylic acid aryl ester such as
(meth)acrylic acid phenyl and (meth)acrylic acid benzyl.
These (meth)acrylic acid esters may be used alone or in
combination.
[0031] Further, in addition to the (meth)acrylic acid es-
ter component, an acrylic oligomer may be copolymer-
ized with a monomer having a polymerizable unsaturated
bond and copolymerizable with the (meth)acrylic acid es-
ter. Examples of a monomer having a polymerizable un-
saturated bond and copolymerizable with a (meth)acrylic
acid ester include: (meth)acrylic acid alkoxyalkyl such as
(meth)acrylic acid, (meth)acrylic acid methoxy ethyl,
(meth)acrylic acid ethoxyethyl, (meth)acrylic acid pro-
poxy ethyl, (meth)acrylic acid butoxy ethyl, and (meth)
acrylic acid ethoxypropyl; salt such as (meth)acrylic acid
alkali metallic salt; di(meth)acrylic acid ester of (poly)
alkylene glycol such as di(meth)acrylic acid ester of eth-
ylene glycol, di(meth)acrylic acid ester of diethylene gly-
col, di(meth)acrylic acid ester of triethylene glycol, di
(meth)acrylic acid ester of polyethylene glycol, di(meth)
acrylic acid ester of propylene glycol, di(meth)acrylic acid
ester of dipropylene glycol, and di(meth)acrylic acid ester
of tripropylene glycol; a multivalent (meth)acrylic acid es-
ter such as trimethylolpropane tri(meth)acrylic acid ester;
(meth)acrylonitrile; vinyl acetate; vinylidene chloride; a
halogenated vinyl compound such as (meth)acrylic acid-
2-chloroethyl; a polymerizable compound containing an
oxazoline group, such as 2-vinyl-2-oxazoline, 2-vinyl-5-
methyl-2-oxazoline, and 2-isopropenyl-2-oxazoline; a
polymerizable compound containing an aziridine group,
such as (meth)acryloyl aziridine, and (meth)acrylic acid-
2-aziridinyl ethyl; a vinyl monomer containing an epoxy
group, such as allyl glycidyl ether, (meth)acrylic acid gly-
cidyl ether, and (meth)acrylic acid-2-ethyl glycidyl ether;
a vinyl monomer containing a hydroxyl group, such as
(meth)acrylic acid-2-hydroxy ethyl, (meth)acrylic acid-2-
hydroxy propyl, a monoester of (meth)acrylic acid and
polypropylene glycol or polyethylene glycol, an adduct
of lactones and (meth)acrylic acid-2-hydroxy ethyl; a flu-
orine containing vinyl monomer such as fluorine-substi-
tuted (meth)acrylic acid alkyl ester;

an unsaturated carboxylic acid such as an itaconic acid,
crotonic acid, a maleic acid, a fumaric acid, and a (partial)
ester compound and acid anhydride of these; a vinyl mon-
omer containing an amide group, such as 2-chlorethyl
vinyl ether, a vinyl monomer containing reactive halogen
such as monochloro acetic acid vinyl, methacryl amide,
N-methylol methacryl amide, N-methoxy ethyl methacryl
amide, N-butoxy methyl methacryl amide, and N-acryloyl
morpholine; an organosilicon-containing vinyl monomer
such as vinyl trimethoxy silane, λ-methacryloxy propyl
trimethoxy silane, allyl trimethoxy silane, trimethoxy silyl
propyl allyl amine, and 2-methoxy ethoxy trimethoxy si-
lane; and macro monomers obtained by polymerizing a
vinyl group, which has at its end a radical polymerizable
vinyl group. These monomers may be copolymerized sin-
gly or in combination with the above (meth)acrylic acid
ester.
[0032] To the acrylic oligomer, a functional group re-
active with an epoxy group or an isocyanate group may
be introduced. Examples of the functional group include:
a hydroxyl group, a carboxyl group, an amino group,
amide group, and a mercapto group. It is preferred that
a monomer having such a functional group be used in
production of the acrylic oligomer.
[0033] Further, during polymerization of acrylic oli-
gomer, a chain transfer agent may be used to adjust the
molecular mass. Examples of the chain transfer agent
include: a compound having a mercapto group such as
octyl mercaptan, dodecyl mercaptan, and t-dodecyl mer-
captan. However, it is suitable to use a thioglycolic acid
such as thioglycolic acid; thioglycolic acid ethyl; thiogly-
colic acid propyl; thioglycolic acid butyl; thioglycolic acid
t-butyl; thioglycolic acid 2-ethyl hexyl; thioglycolic acid
octyl; thioglycolic acid decyl; thioglycolic acid dodecyl;
ethylene glycol; thioglycolic acid ester; thioglycolic acid
ester of neopentylglycol; and thioglycolic acid ester of
pentaerythritol.
[0034] The amount of the chain transfer agent used is
not particularly limited. However, usually, the amount of
chain transfer agent used for 100 weight part of the acrylic
monomer is preferably 0.1 to 20 weight part, more pref-
erably 0.2 to 15 weight part, and even more preferably
0.3 to 10 weight part. An acrylic oligomer with a suitable
molecular mass is obtained by adjusting the amount of
chain transfer agent added as above.
[0035] (Reactor Vessel 4)
As shown in Fig. 2, the reactor vessel 4 provided in the
resin production apparatus 1 includes: a vessel main
body 41 which prepares a synthetic resin such as acrylic
oligomer and stores the resin in the molten state; an ag-
itation mechanism 42 which agitates an ingredient or the
synthetic resin stored in the vessel main body 41; a lid
open/close mechanism 43 which enables supplying of
an ingredient into the vessel main body 41; an upper gas
supply mechanism 44 which supplies nitrogen gas from
the top of the ingredient or the synthetic resin stored in
the vessel main body 41; a lower gas supply mechanism
45 which supplies nitrogen gas to lower side of the in-
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gredient or the synthetic resin stored in the vessel main
body 41; an output mechanism 46 which outputs the syn-
thetic resin; a temperature adjustment mechanism 47
which adjust the temperatures of the vessel main body
41, the ingredient, and the synthetic resin to any given
temperature.
[0036] (Reactor Vessel 4: Vessel Main Body 41)
The vessel main body 41 has an open top cylindrical
container 411; and a detachable lid 412 provided at the
top part of the container 411, which closes and seals the
opening of the container 411. The container 411 whose
top part is open has a body 4111 having a circular hori-
zontal cross section; and a bottom part 4112 connected
to a lower rim of the body 4111, which is curved in a
convex shape so that the center portion forms the lowest
end.
[0037] Above the container 411 is arranged the lid 412.
The lid 412 is movably supported by the lid open/close
mechanism 43. The lid open/close mechanism 43 is a
hydraulic cylinder device or the like, and has at least a
function of lifting or lowering the lid 412. Lifting operation
to lift up the lid 412 opens the top part of the container
411. The top part of the container 411 is closed and
sealed as the lid 412 is lowered. This way the vessel
main body 41 is able to form an air-tight storage space
413 in which an ingredient is polymerized to prepare a
synthetic resin.
[0038] The lid 412 has an upper gas supply port 41c,
a material supply port 41e, and a gas output port 41d.
Note that the lid 412 may have an ingredient supply port
through which an ingredient is supplied through a not-
shown pipe connected to the port. The upper gas supply
port 41c forms a part of the upper gas supply mechanism
44. The upper gas supply mechanism 44 has the upper
gas supply port 41c, a valve member 441 which opens/
closes the upper gas supply port 41c, and a gas pipe 442
connected to a not-shown nitrogen gas supply system.
Since the upper gas supply port 41c is positioned above
the level of the synthetic resin and the ingredient, various
types of valves such as ball valves are adoptable as the
valve member 441. The material supply port 41e is
opened when supplying a chain transfer agent, a polym-
erization initiator, or the like in the storage space 413.
The gas output port 41d is connected to the separating
device 6 via a not-shown valve member and a gas pipe
65.
[0039] (Reactor Vessel 4: Agitation Mechanism 42)
The lid 412 is further provided with the agitation mecha-
nism 42. The agitation mechanism 42 has an agitation
drive device 421, an agitation shaft member 422, agita-
tion blade 423, and a scraper 424. The agitation drive
device 421 is fixed at the center portion of the top surface
of the lid 412. This agitation drive device 421 includes an
AC motor (agitation motor 4211) or the like having a de-
celerator. The rotational speed of the motor is adjustable
to any given speed by changing the frequency of the driv-
ing power. The agitation drive device 421 is jointed to a
rod-like agitation shaft member 422. The agitation shaft

member 422 has a vertical shaft center, and air-tightly
penetrates the lid 412 so that the agitation shaft member
422 is able to rotate about the center point of the lid 412.
This agitation shaft member 422 is disposed so that its
lower end is nearby the bottom part of the container 411.
The agitation blade 423 and the scraper 424 are provided
to this agitation shaft member 422. The agitation blade
423 is disposed on the inner-periphery side of the con-
tainer 411 so as to agitate an ingredient and a synthetic
resin. The scraper 424 has an abutting member 4241
which is positioned nearby the inner-wall surface of the
container 411 so as to scrape off the ingredient or the
synthetic resin adhered to the inner-wall surface of the
container 411.
[0040] Typically, for example, agitation blades adopt-
able in the agitation mechanism 42 and capable of agi-
tating a highly viscous substance have a helical ribbon
shape or an anchor shape. The blades of Twisting Lattice
blade type polymerizer (manufactured by: Hitachi, Ltd.)
or Super-Mix MR524 (manufactured by: Satake Chemi-
cal Equipment MFG, Ltd.) are some of the examples of
commercially available blades having such shapes.
[0041] (Reactor Vessel 4: Lower Gas Supply Mecha-
nism 45)
The container 411 is further provided with the lower gas
supply mechanism 45. The lower gas supply mechanism
45 is provided to at least one of the body 4111 and the
bottom part 4112 of the container 411 and is for carrying
out nitrogen substitution from the lower part of the storage
space 413. The lower gas supply mechanism 45 is dis-
posed lower than the top surfaces of the synthetic resin
and the ingredient, and has an inert gas inflow entrance
41b through which nitrogen gas flows inside the container
411 (storage space 413); and an inflow entrance open/
close mechanism 451 which opens/closes the inert gas
inflow entrance 41b.
[0042] As shown in Figs. 3A and 3B, the inflow en-
trance open/close mechanism 451 has a valve element
4511 disposed at the inert gas inflow entrance 41b, and
an injection valve mechanism 451 which moves forward/
back the valve element 4511 to open/close the inert gas
inflow entrance 41b. The injection valve mechanism 451
includes: the valve element 4511 disposed at the inert
gas inflow entrance 41b; a rod-like reciprocable member
4512 which is horizontally disposed and has its leading
end connected to the valve element 4511 and its trailing
end of the reciprocable member 4512 positioned outside
the container 411; a valve element drive device 4513
connected to the trailing end of the reciprocable member
4512, which moves forward/back the reciprocable mem-
ber 4512; a cylindrical member 4514 having the recipr-
ocable member 4512 penetrating therethrough, whose
one end portion is liquid-tightly (air-tightly) connected to
the inert gas inflow entrance 41b, and whose another
end portion is liquid-tightly connected to the valve ele-
ment drive device 4513; and a gas pipe 4515 for supply-
ing nitrogen gas inside the cylindrical member 4514. Note
that both liquid-tight connection and air-tight connection
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are connections that prevent leakage of liquid and gas.
[0043] As described, the lower gas supply mechanism
45 is able to supply nitrogen gas in the storage space
413, by moving forward/back the valve element 4511 of
the injection valve mechanism 451 to open/close the end
surface of the inert gas inflow entrance 41b. This is more
advantageous than a case of using other type of valve
such as a ball valve for a nitrogen gas supply mechanism,
in that the amount of residual synthetic resin in the inert
gas inflow entrance 41b is reduced while the inert gas
inflow entrance 41b is highly liquid-tightly closable.
[0044] The lower gas supply mechanism 45 is further
provided with a valve cleaning mechanism 452 which
ejects to the outside the ingredient or the synthetic resin
accumulated in the cylindrical member 4514. The valve
cleaning mechanism 452 includes: a valve member 4522
which opens/closes the gas pipe 4515; an extruder 4521
disposed in the cylindrical member 4514 and capable of
moving forward/back; a cleaning pipe 4524 which is con-
nected to the cylindrical member 4514 and is in commu-
nication with a not-shown collection tank or the like; a
valve member 4523 which opens/closes the cleaning
pipe 4524; and an extruder drive device 4525 which
moves forward/back the extruder 4521. The extruder
4521 has a dual pipe structure, and the outer circumfer-
ence of its leading end portion slidably contacts the inner
circumference of the cylindrical member 4514. On the
inner circumference side of the leading end of the cylin-
drical member 4514, the reciprocable member 4512 is
slidably inserted.
[0045] As shown in Fig. 3B, the valve cleaning mech-
anism 452 opens the valve member 4523 of the cleaning
pipe 4524, while closing the valve member 4522 of the
gas pipe 4515. Then, the extruder 4521 positioned on
the valve element drive device 4513 side is moved to-
wards the cleaning pipe 4524, thus delivering to the out-
side the ingredient or the synthetic resin accumulated
inside the cylindrical member 4514. Note that the valve
cleaning mechanism 452 may be adapted so that the
valve element 4511 is able to move back in the cylindrical
member 4514; i.e., move towards the valve element drive
device. In this case, the ingredient or the synthetic resin
inside the cylindrical member 4514 is delivered to the
outside via the cleaning pipe 4524, by moving back the
valve element 4511.
[0046] As shown in Fig. 4, the cylindrical member 4514
of the lower gas supply mechanism 45 may be tilted up-
ward at a predetermined tilt angle θ from its leading end
connecting to the inert gas inflow entrance 41b to its trail-
ing end. The tilt angle θ is not particularly limited. How-
ever, the tilt angle θ is preferably close to 90 degree, for
the sake of facilitating the movement of the ingredient or
the synthetic resin by its own weight towards the storage
space 413. This way, the gravity prevents the ingredient
or the synthetic resin from entering the cylindrical mem-
ber 4514, and the ingredient or the synthetic resin having
entered the cylindrical member 4514 is brought back into
the storage space 413 by its own weight. Further, the

above described valve cleaning mechanism 452 may be
provided to this tilted lower gas supply mechanism 45.
Doing so makes cleaning easy, because the gravity
moves the ingredient or the synthetic resin towards the
cleaning pipe 4524.
[0047] (Reactor Vessel 4: Output Mechanism 46)
As shown in Fig. 2, the vessel main body 41 is provided
at its bottom part with an output mechanism 46 which
enables outputting of the synthetic resin in the molten
state. The output mechanism 46 includes: an output port
41a formed on the vessel main body 41, an output tube
462 extending from the output port 41a to the crushing
device 5; a Y-valve 463 which opens/closes the output
port 41a; and a feeding pump 461 which forcedly feeds
the synthetic resin towards output end.
[0048] The Y-valve 463 has a valve element 4631 dis-
posed at the output port 41a; a rod-like reciprocable
member 4632 which is vertically disposed and has its
leading end connected to the valve element 4631 and its
positioned outside the container 411; a valve element
drive device 4633 which is connected to the trailing end
of the reciprocable member 4632 and moves forward/
back (lifts up/lowers) the reciprocable member 4632; a
cylindrical member 4634 having the reciprocable mem-
ber 4632 penetrating therethrough, whose lower end por-
tion is liquid-tightly connected to the valve element drive
device 4633. In this structure, the Y-valve 463 enables
output of the synthetic resin by moving forward/back the
valve element 4631 to open/close the output port 41a.
This is more advantageous than a case of using any other
type of valve such as a ball valve for a synthetic resin
output mechanism, in that the amount of residual syn-
thetic resin in the output port 41a is reduced while the
output port 41a is highly liquid-tightly closable.
[0049] The upper end portion of the cylindrical member
4634 of the Y-valve 463 is connected to a midway portion
of the output tube 462. The output tube 462 has a vertical
portion 462a on its upper side and an inflection part 462b
on its lower side. The vertical portion 462a has a vertical
piping axis, and has its upper end (hereinafter, vertical
upper end) connected to the output port 41a. The inflec-
tion part 462b on the other hand is formed as follows.
Namely, the upper end of the inflection part 462 (herein-
after, inflection upper end) is connected to the lower end
of the vertical portion 462a (hereinafter, vertical lower
end). Meanwhile, the inflection part 462b satisfies the
following inflection conditions. Namely, the piping axis of
at least a part of the inflection part 462b from the vertical
portion 462a to a certain position is in a direction crossing
the vertical direction. The inflection part 462b extends in
such a manner that a portion thereof closer to the inflec-
tion upper end is higher than a portion thereof closer to
the lower end of the inflection part 462 (hereinafter, in-
flection lower end). Specifically, the inflection part 462b
is curved in a concave shape so that the inflected upper
end is higher than the inflected lower end. The curvature
is such that the curvature radius increases from the in-
flection upper end towards the inflected lower end. Note
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that the inflection part 462b may have any given shape
provided that the above inflection conditions are satisfied.
For example, the inflection part 462b may be a straight
part having the inflected upper end higher than the in-
flected lower end.
[0050] Each of the vertical upper end and the inflected
upper end is an end on the upper side relative to the
direction in which the synthetic resin flows when the out-
put port 41a is opened. Further, each of the vertical lower
end and the inflected lower end is an end on the lower
side relative to the direction in which the synthetic resin
flows when the output port 41a is opened.
[0051]  The output tube 462 is connected to the cylin-
drical member 4634 of the Y-valve 463. Between the in-
side of the output tube 462 and inside of the cylindrical
member 4634 is provided a partition wall. This partition
wall liquid-tightly and slidably contacts the outer circum-
ference of the reciprocable member 4632. This way, the
synthetic resin flowing the output tube 462 is kept from
flowing in the cylindrical member 4634. Thus, with the
output mechanism 46, the synthetic resin in the molten
state output from the output port 41a flows in the vertical
direction inside the vertical portion 462a of the output
tube 462. Then, the flow direction of the synthetic resin
is forcedly changed by the inflection part 462b. This
changes the pressure distribution of the flowing synthetic
resin, and the flow of synthetic resin therefore is less
likely retained.
[0052] The lower end of the output tube 462 is con-
nected to the feeding pump 461. The feeding pump 461
is structured to feed out the synthetic resin to the crushing
device 5. Thus, the output mechanism 46 is capable of
supplying a constant amount of synthetic resin to the sub-
sequent steps: i.e., to the cooling mechanism 51 and the
crushing device 5. The synthetic resin is therefore always
cooled under the same conditions, and a constant
amount of synthetic resin is crushed and output. This
stabilizes the quality.
[0053] Further, in addition to the gravity-attributed
downward flow-drive force applied to the synthetic resin
in the storage space 413 of the vessel main body 41 and
the output tube 462, the output mechanism 46 applies a
downward flow-drive force attributed to a suction force
generated by the feeding pump 461. Therefore, output-
ting of the synthetic resin from the storage space 413 is
completed in a short time. Even when the amount of re-
maining synthetic resin in the storage space 413 is re-
duced and hence the drift velocity attributed to the weight
of the synthetic resin itself is also reduced, the output
mechanism 46 increases the drift velocity of the synthetic
resin by the feeding pump 461. This makes it possible to
reduce the amount of the residual synthetic resin.
[0054] (Reactor Vessel 4: Temperature Adjustment
Mechanism 47)
The reactor vessel 4 having the above described struc-
ture is further provided with the temperature adjustment
mechanism 47. The temperature adjustment mechanism
47 is structured to carry out temperature adjustment for

the vessel main body 41 and the output mechanism 46
so as to maintain the molten state of the synthetic resin.
Specifically, the temperature adjustment mechanism 47
includes a container jacket 471 covering the outer wall
surface of the container 411 of the vessel main body 41;
a pump jacket 472 covering the feeding pump 461; a
band heater 473 wound around the outer wall surface of
the output tube 462; and an induction heating device 474
disposed at the upper end portion of the output tube 462.
[0055] To the container jacket 471 and the pump jacket
472 is supplied a heating medium such as oil or steam.
Adjusting the temperature of this heating medium ena-
bles adjustment of the temperatures of the container jack-
et 471 and the pump jacket 472 to a desirable tempera-
ture. The band heater 473 is connected to a not-shown
heater power supply. By adjusting the power supplied,
the temperature of the output tube 462 is adjusted to a
desirable temperature. The induction heating device 474
has an induction heating coil disposed around the output
port 41a, and a high-frequency power supply which sup-
plies a high-frequency power to the induction heating coil.
This induction heating device 474 carries out electromag-
netic induction heating to the bottom part of the container
411 around the output port 41a. With this arrangement,
the temperature is adjusted to a desirable temperature
by adjusting the supplied power and frequency. By par-
tially heating the part around the output port 41a, the
induction heating device 474 enables prevention of re-
sidual synthetic resin in the output port 41a.
[0056] The temperature adjustment mechanism 47
may be entirely structured by a band heater, or entirely
structured by a jacket. Further, the temperature adjust-
ment mechanism 47 may include a combination of at
least one of a jacket, a band heater, and an induction
heating device, which is provided to each of the heating
target portions such as the container 411 and the feeding
pump 461.
[0057] (Crushing Device 5)
Below the reactor vessel 4 having the above described
structure is arranged a crushing device 5 as shown in
Fig. 1. The crushing device 5 includes: a cooling mech-
anism 51 which serially cools and solidifies the synthetic
resin output from the output mechanism 46; and a crush-
ing mechanism 52 which crushes the synthetic resin fed
out from the cooling mechanism 51.
[0058] The cooling mechanism 51 includes: a cooling
drum 511 horizontally disposed; a not-shown cooling wa-
ter supply system which supplies cooling water to the
cooling drum 511; a cooling belt 512 brought into surface
contact with the surface of the cooling drum 511; and a
rotation mechanism which rotates the cooling drum 511
and the cooling belt 512 in sync with each other. Each
of the cooling drum 511 and the cooling belt 512 has a
surface to contact the synthetic resin, which surface is
coated by silicon or Teflon (®) resin so as to prevent
adhesion of the synthetic resin such as acryl oligomer.
[0059] The position where the cooling drum 511 and
the cooling belt 512 start to contact is set at the position
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to which the synthetic resin falls from the reactor vessel
4. In this cooling mechanism 51, the synthetic resin from
the reactor vessel 4 is formed into a thin plate by being
sandwiched between the cooling mechanism 51 and the
cooling belt 512. Then, the synthetic resin is cooled down
to a temperature below room temperature. Thus, a thin
plate of solidified synthetic resin is formed.
[0060] In a position where the cooling drum 511 and
the cooling belt 512 separate from each other, the crush-
ing mechanism 52 is arranged. The crushing mechanism
52 has a spatula 521 and a crushing device 522. The
spatula 521 has a leading end portion abutting the sur-
face of the cooling drum 511 so as to separate, from the
cooling drum 511, the synthetic resin adhering on the
surface of the cooling drum 511. The crushing device
522 has a rotating member 5222 and a plurality of rotating
blades 5221 fixed on the outer circumference of the ro-
tating member 5222. The crushing device 522 rotates
the rotating member 5222 to rotate the rotating blades
5221 at a high speed. This way, the rotating blades 5221
hit and crush the synthetic resin, and break it into small
pieces such as powder or particles.
[0061] The cooling mechanism 51 and the crushing
mechanism 52 are accommodated in a box-shaped cas-
ing 53. The casing 53 has an opening below the crushing
mechanism 52, and allows the small pieces of synthetic
resin to fall downward while preventing scattering of the
pieces. Below the opening of the casing 53 is a transfer-
ring cart 54 capable of running. The transferring cart 54
is capable of carrying a receiving box 55 whose top is
opened. When a predetermined quantity of synthetic res-
in is supplied into the receiving box 55, the transferring
cart 54 carries the receiving box 55 with the synthetic
resin to the subsequent step.
[0062]  As the crushing device 5, Belt Drum Flaker
(manufactured by NIPPON COKE & ENGINEERING.
CO., LTD.) is adoptable. Further, the crushing device 5
may include: a shaping roller which is disposed upstream
of the cooling belt 512 relative to the rotation direction
and which is abutted to the cooling drum 511; and a mem-
ber having a plurality of slits disposed in parallel to and
downstream of the shaping roller. While the synthetic res-
in is formed into a thin plate, the plurality of slits or grooves
aligned in parallel to one another in the width direction
of the cooling drum 511 form the thin plate of the synthetic
resin into thin plates each having a portion with less
strength. This facilitates the crushing mechanism 52 to
crush the synthetic resin into small pieces.
[0063] (Separating Device 6)
As shown in Fig. 1, the reactor vessel 4 is connected to
the separating device 6 which delivers ingredient remain-
ing after the polymerization, to the outside of the vessel
main body 41. The separating device 6 has a vacuum
pump 63 which depressurizes the storage space 413, a
condenser 61 having a cooling function, and a monomer
trap tank 62. The condenser 61 is tube-shaped and has
an inflow entrance 61a disposed at the upper end portion
of the condenser 61 and an outflow port 61b disposed at

the lower end portion of the condenser 61. The inflow
entrance 61a communicates with the gas output port 41d
of the lid 412, and receives unreacted ingredient in a
vaporized state flowing in from the storage space 413 of
the reactor vessel 4. The outflow port 61b on the other
hand communicates with the first inflow entrance 62a of
the monomer trap tank 62. The condenser 61 causes re-
aggregation of the unreacted ingredient having flowed
in, and feeds the aggregated ingredient to the monomer
trap tank 62.
[0064] The monomer trap tank 62 has, in its upper part,
a first inflow entrance 62a connected to the condenser
61, and a second inflow entrance 62b connected to the
vacuum pump 63. The monomer trap tank 62 further has,
in its bottom part, an outflow port 62c through which an
unreacted ingredient is output. The outflow port 62c is
connected to the collection valve 64 and is opened/
closed by the collection valve 64. For example, the col-
lection valve 64 closes the outflow port 62c when the
vacuum pump 63 depressurizes the storage space 413,
and opens the outflow port 62c when the unreacted in-
gredients contained in the monomer trap tank 62 is col-
lected. With the separating device 6, ingredient remain-
ing without being polymerized is separated from the syn-
thetic resin. This contributes to quality improvement of
the synthetic resin formed into small pieces.
[0065] (Control Device 7)
The resin production apparatus 1 having the above de-
scribed structure is provided with a control device 7, as
shown in Fig. 1. This control device 7 which controls the
resin production apparatus 1 enables switching over be-
tween automatic operation and manual operation of the
resin production apparatus 1. The control device 7 rewri-
tably stores various types of data in the form of production
process table or the like, and stores various programs
such as a program relating to a production main routine.
[0066] The following details the operation of the resin
production apparatus 1 having the above structure. (In-
gredient Supply Step) First, the ingredient supply step is
carried out. More specifically, the lid open/close mecha-
nism 43 is activated to lift the lid 412 and separate the
lid 412 from the container 411. After confirming that the
vessel main body 41, the output port 41a, the inert gas
inflow entrance 41b, the upper gas supply port 41c, the
material supply port 41e, and the gas output port 41d are
all in the closed state, an ingredient is supplied through
the opening at the top surface of the container 411. For
example, the ingredient is 50kg of CHMA (cyclo hexyl
methacrylate) monomer. Then, the lid 412 is lowered and
closely contacted with the container 411 to create an air-
tight storage space 413 in the vessel main body 41. Note
that CHMA monomer which is the ingredient monomer
may be supplied through a not-shown connection pipe,
in which case the operation to lift up or lower the lid 412
can be omitted.
[0067] (First Nitrogen Substitution Step)
Next, the first nitrogen substitution is carried out. As
shown in Fig. 2, the valve element 4511 of the lower gas
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supply mechanism 45 moves forward to open the inert
gas inflow entrance 41b. At the same time, the agitation
mechanism 42 is activated and the agitation blade 423
and the abutting member 4241 rotate about the agitation
shaft member 422 at a rotation speed of 60 rpm. Then,
nitrogen gas is supplied from the lower part of the con-
tainer 411 at a feed rate of 30L/min, and is agitated with
the ingredient, with the result that nitrogen substitution
is carried out. The ingredient (internal temperature) is
heated up to 90°C, and is kept at this temperature for 60
min.
[0068] (Second Nitrogen Substitution Step)
Next, the second nitrogen substitution step is carried out.
More specifically, the valve element 4511 of the lower
gas supply mechanism 45 is moved back to close the
inert gas inflow entrance 41b. On the other hand, the
upper gas supply port 41c is opened. Thus, while the
supplying of the nitrogen gas in the ingredient is stopped,
nitrogen gas is supplied from the top of the ingredient at
a feed rate of 10L/min. (Polymerization Initiating Step)
Next, the polymerization initiating step is carried out.
More specifically, the material supply port 41e is opened,
and a chain transfer agent and a polymerization initiator
are supplied. For example, the chain transfer agent is
1.75kg of thioglycolic acid, and the polymerization initia-
tor is 7.5g of PERHEXYL D (produced by NOF Corpora-
tion). Thus, polymerization reaction of the ingredient is
started.
[0069] (Polymerization Step)
Next, the polymerization step is carried out. The reaction
heat is utilized to increase the internal temperature step
by step until the final internal temperature reaches 180°C,
in approximately 5 hours. (Separation Step) Next, the
separation step is carried out. More specifically, the up-
per gas supply port 41c is closed and supplying of the
nitrogen gas is stopped. After that, the vacuum pump 63
shown in Fig. 1 is activated while maintaining the sealed
state of the storage space 413, and the pressure inside
the storage space 413 is reduced to 2kPa (abs). This
depressurized state is kept for 1.5 hr while maintaining
the temperature of the storage space 413 at 180°C. This
way, unreacted monomers in the storage space 413 are
aggregated in the condenser 61 and are trapped in the
monomer trap tank 62. Thus, the synthetic resin (acryl
oligomer) is separated from the ingredient.
[0070] (Outputting/Crushing Step)
Next, the outputting/crushing step is carried out. More
specifically, the vacuum pump 63 is stopped, and the
pressure of the storage space 413 is brought back to the
normal pressure. Then, the upper gas supply port 41c is
opened, and nitrogen gas is supplied from the lid 412
side at a feed rate of 10L/min. After the crushing device
5 is activated, the output port 41a is opened and the feed-
ing pump 461 is activated. Then, the synthetic resin in
the molten state which is acryl oligomer is continuously
output towards the crushing device 5 from the output port
41a disposed at the bottom part of the vessel main body
41. Even while the synthetic resin is output, the storage

space 413 and the output mechanism 46 are heated by
the temperature adjustment mechanism 47 to keep their
temperatures at 180°C. This way, the acryl oligomer is
maintained in the molten state with a low viscosity, and
free-falls from the output mechanism 46.
[0071] When the molten acryl oligomer is supplied to
the crushing device 5, the cooling drum 511 and the cool-
ing belt 512 sandwich therebetween the acryl oligomer,
thereby cooling the acryl oligomer and rolling the same
into a thin plate. As a result, the acryl oligomer is rapidly
cooled down to a temperature below room temperature
and is solidified. The thin plate of the solidified acryl oli-
gomer is separated from the cooling drum 511 by the
spatula 521, and is crushed into small pieces by the
crushing device 522. Thus, highly pure (purity of 98% or
above) flakes (approximately 1 mm in thickness and ap-
proximately 1 cm in diameter), i.e., small pieces of acryl
oligomer, are received in the receiving box 55.
[0072] (Cleaning Step)
Next, a cleaning step is carried out. More specifically,
when all the acryl oligomer is output from the storage
space 413 of the vessel main body 41, the temperature
adjustment mechanism 47 stops heating, thus lowering
the temperature of the vessel main body 41. At this time,
the lower gas supply mechanism 45 is activated and the
inert gas inflow entrance 41b is opened. Then, nitrogen
gas is sprayed from the lower gas supply mechanism 45
at a rate of 20L/min. This ejects molten acryl oligomer
out from the lower gas supply mechanism 45, and pre-
vents the lower gas supply mechanism 45 from being
clogged by solidified acryl oligomer.
[0073] (Summary)
As described, a resin production apparatus 1 of the
present embodiment shown in Fig. 1 includes: a reactor
vessel 4 having a vessel main body 41 which polymerizes
an ingredient to produce a thermoplastic synthetic resin
which solidifies at room temperature and storing the syn-
thetic resin in the molten state, an output mechanism 46
disposed at a bottom part of the vessel main body 41,
which outputs the synthetic resin in the molten state, and
a temperature adjustment mechanism 47 which adjusts
temperatures of the vessel main body 41 and the output
mechanism 46 so as to maintain the molten state of the
synthetic resin; and a crushing device 5 (crushing device)
having a cooling mechanism 51 arranged below the re-
actor vessel 4, which serially cools and solidifies the syn-
thetic resin output from the output mechanism 46, and a
crushing mechanism 52 which crushes the synthetic res-
in fed out from the cooling mechanism 51.
[0074] In the above structure, an ingredient is polym-
erized to prepare a synthetic resin in the molten state in
the vessel main body 41 of the reactor vessel 4. Since
the temperature adjustment mechanism 47 adjusts the
temperatures of the vessel main body 41 and the output
mechanism 46, the synthetic resin prepared is main-
tained in the molten state. Therefore, the majority of the
synthetic resin including the part thereof adhered to a
wall surface or the like of the vessel main body 41 drops
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down due to the gravity, and output from the output mech-
anism 46 disposed at the bottom part of the vessel main
body 41. Then, the output synthetic resin in the molten
state is cooled and solidified, and then crushed into small
pieces, in the crushing device 5 arranged below the re-
actor vessel 4. As described, the resin production appa-
ratus is capable of outputting the synthetic resin from the
reactor vessel 4 by utilizing the gravity, while maintaining
the molten state of the synthetic resin. The synthetic resin
output is then solidified and crushed thereafter in the resin
production apparatus. Thus, the volume of residual sub-
stance remaining on the inner-wall surface or the like of
the reactor vessel 4 is significantly reduced in the resin
production apparatus. This reduces the time and burden
required for removing solidified synthetic resin remaining
in the reactor vessel 4.
[0075] The resin production apparatus 1 may be adapt-
ed so that: the output mechanism 46 has an output port
41a formed on the vessel main body 41, an output tube
462 extending from the output port 41a to the crushing
device 5, and a Y-valve 463 having a valve element 4631
disposed at the output port 41a which moves forward/
back the valve element 4631 to open/close the output
port 41a.
[0076] In this structure, the Y-valve 463 enables output
of the synthetic resin by moving forward/back the valve
element 4631 to open/close the output port 41a. This is
more advantageous than a case of using any other type
of valve such as a ball valve for a synthetic resin output
mechanism, in that the amount of residual synthetic resin
in the output port 41a is reduced while the output port
41a is highly liquid-tightly closable. This further reduces
the time and burden required for removing solidified syn-
thetic resin remaining in the reactor vessel 4.
[0077]  The resin production apparatus 1 may be
adapted so that: the output mechanism 46 further in-
cludes an feeding pump 461 connected to the output tube
462, which feeds out the synthetic resin to the crushing
device 5.
[0078] With the structure, a constant amount of syn-
thetic resin is supplied to the subsequent steps: i.e., to
the cooling mechanism 51 and the crushing device 5.
The synthetic resin is therefore always cooled under the
same conditions, and a constant amount of synthetic res-
in is crushed and output. This stabilizes the quality. Fur-
ther, in addition to the gravity-attributed downward flow-
drive force applied to the synthetic resin in the vessel
main body 41 and the output tube 462, a downward flow-
drive force attributed to a suction force generated by the
feeding pump 461 is applied. Therefore, outputting of the
synthetic resin from the reactor vessel 4 is completed in
a short time. Further, acceleration of the drift velocity of
the synthetic resin also contributes to reduction of resid-
ual synthetic resin.
[0079] The resin production apparatus 1 may be adapt-
ed so that: the output tube 462 has a vertical portion 462a
having a vertical piping axis, and having a vertical upper
end connected to the output port 41a, and an inflection

part 462b having an inflected upper end connected to a
vertical lower end of the vertical portion 462a, wherein
the piping axis of at least a part of the inflection part 462b
from the vertical portion 462a to a certain position is in a
direction crossing the vertical direction, and wherein the
inflection part 462b extends in such a manner that a por-
tion thereof closer to the inflection upper end is higher
than a portion thereof closer to an inflection lower end;
and the Y-valve 463 has a reciprocable member 4632
connected to the valve element 4631, which passes in-
side the vertical portion 462a and liquid-tightly and move-
ably penetrates the inflection part 462b, and a valve el-
ement drive device 4633 (forward/backward movement
drive unit) disposed below the inflection part 462b, which
moves forward/back the reciprocable member 4632.
[0080] Thus, opening/closing of the output port 41a by
the Y-valve 463 is possible with a simple structure. The
synthetic resin in the molten state output from the output
port 41a flows in the vertical direction inside the vertical
portion 462a. Then, the flow direction of the synthetic
resin is forcedly changed by the inflection part 462b. This
changes the pressure distribution of the flowing synthetic
resin and facilitates occurrence of a turbulent flow. The
flow of synthetic resin therefore is less likely retained. As
the result, residual synthetic resin in the output tube 462
is reduced.
[0081] The resin production apparatus 1 may be adapt-
ed so that: the reactor vessel 4 has an inert gas inflow
entrance 41b disposed lower than the top surfaces of the
synthetic resin and the ingredient, through which an inert
gas enters the vessel main body 41; and an injection
valve mechanism 451 (inflow entrance open/close mech-
anism) which moves forward/back the valve element
4511 to open/close the inert gas inflow entrance 41b.
[0082] With the above structure, the residual synthetic
resin at the inert gas inflow entrance 41b is reduced by
having the injection valve mechanism 451 open/close
the inert gas inflow entrance 41b through which an inert
gas is supplied to the synthetic resin or the ingredient.
[0083] The resin production apparatus 1 may further
include a separating device 6 exhausts ingredient re-
maining after the polymerization, to the outside the vessel
main body 41.
[0084] The above structure enables separation of in-
gredient, which remains without being polymerized, from
the synthetic resin. This contributes to quality improve-
ment of the synthetic resin formed into small pieces.
[0085] The resin production apparatus 1 may be adapt-
ed so that: the ingredient is a (meth)acrylic monomer,
the polymerization is bulk polymerization, and the syn-
thetic resin is a (meth)acrylic oligomer. The above struc-
ture is suitably used for production of (meth)acryl oligom-
ers.
[0086] The resin production apparatus 1 realizes a res-
in production method, including the steps of: opening an
output port 41a formed at a bottom part of a reactor vessel
4 and supplying an ingredient in the reactor vessel 4 (in-
gredient supplying step); polymerizing the ingredient to
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produce a thermoplastic synthetic resin which solidifies
at room temperature and storing the resin in the molten
state in the reactor vessel 4 (polymerization step); out-
putting the synthetic resin by opening an output port 41a,
while adjusting the temperature to maintain the molten
state of the synthetic resin (outlet step); and crushing the
synthetic resin after the synthetic resin output and free-
fallen from the output port 41a is continuously cooled and
solidified (crushing step).
[0087] The above structure makes it possible to output
the synthetic resin from the reactor vessel 4 by utilizing
gravity by maintaining the molten state of the synthetic
resin, and the synthetic resin output is then solidified and
crushed. Thus, the volume of residue inside the reactor
vessel 4 is significantly reduced. As the result, the time
and burden required for removing solidified synthetic res-
in remaining in the reactor vessel 4 is reduced. Further,
highly pure resin flakes are efficiently produced without
a use of a solvent.
[0088] The embodiment of the present invention thus
described is solely to serve as an example of the present
invention, and is not to limit the present invention. Specific
structures may be suitably modified. Further, the work
and effects described in the embodiment of the present
invention are no more than examples achieved by a pre-
ferred mode of the present invention, and the work and
effects therefore shall not be limited to those described
in the embodiment of the present invention.

Claims

1. A resin production apparatus, comprising:

a reactor vessel having a vessel main body
which polymerizes an ingredient to prepare a
thermoplastic synthetic resin which solidifies at
room temperature and storing the synthetic res-
in in the molten state, an output mechanism
which is disposed at a bottom part of the vessel
main body and outputs the synthetic resin in the
molten state, and a temperature adjustment
mechanism which adjusts temperatures of the
vessel main body and the output mechanism so
as to maintain the molten state of the synthetic
resin; and
a crushing device having a cooling mechanism
arranged below the reactor vessel, which con-
tinuously cools and solidifies the synthetic resin
output from the output mechanism, and a crush-
ing mechanism which crushes the synthetic res-
in fed out from the cooling mechanism.

2. The resin production apparatus according to claim
1, wherein:

the output mechanism has
an output port formed on the vessel main body,

an output tube extending from the output port to
the crushing device, and
a Y-valve having a valve element disposed at
the output port, which moves forward/back the
valve element to open/close the output port.

3. The resin production apparatus according to claim
2, wherein:

the output mechanism further includes
a feeding pump connected to the output tube,
which feeds out the synthetic resin to the crush-
ing device.

4. The resin production apparatus according to any one
of claims 1 to 3, wherein:

the reactor vessel has
an inert gas inflow entrance disposed lower than
the top surfaces of the synthetic resin and the
ingredient, through which an inert gas enters the
vessel main body; and
an inflow entrance open/close mechanism
which moves forward/back the valve element of
an injection valve to open/close the inert gas in-
flow entrance.

5. The resin production apparatus according to any one
of claims 1 to 4, further comprising:

a separating device which exhausts ingredient
remaining after the polymerization, to the out-
side the vessel main body.

6. The resin production apparatus according to any one
of claims 1 to 5, wherein:

the ingredient is a (meth)acrylic monomer, the
polymerization is bulk polymerization, and the
synthetic resin is a (meth)acrylic oligomer.

7. A resin production method, comprising the steps of:

opening an output port formed at a bottom part
of a reactor vessel and supplying an ingredient
in the reactor vessel;
polymerizing the ingredient to produce a ther-
moplastic synthetic resin which solidifies at
room temperature and storing the resin in the
molten state in the reactor vessel;
outputting the synthetic resin by opening an out-
put port, while adjusting the temperature to
maintain the molten state of the synthetic resin;
and
crushing the synthetic resin after the synthetic
resin output and free-fallen from the output port
is serially cooled and solidified.
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